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Abstract
Gas content is basic data for preventing gas disaster. So it is especially important for rapidly measuring 
gas content. Based on the experiments of typical mines’ coal samples in China, the rapid measurement 
nonlinear surface model of gas content was established by using theoretical analysis and nonlinear 
regression method and the rapid measurement instrument and parameters modified instrument were 
developed. The results showed that there was high nonlinear surface relationship among the desorption
characteristic parameters value a, i and gas content W. The rapid measurement nonlinear surface model
can well describe the relationship among value a, i and gas content W. The rapid measurement instrument
can rapidly measure the gas content in the coal seam in 20 minutes. The error is less than ten percent. The 
performance is better than similar products both at home and abroad. It can meet the requirement of the 
project measurement of gas content.
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1. Introduction
Coal seam gas content is indispensable basic data in many aspects, such as gas control, prevention of 
coal and gas outburst, and coal-bed gas exploitation. And is also the important parameter which is 
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frequently determined in mine gas management and science and technology experiments. At present, Gas 
content measurement methods underground coal seam are direct, indirect method[1] and rapid 
measurement method. The indirect method is the most accurate method at the present time, which is 
measuring the pressure of coal seam gas on field and the adsorption isotherm and industrial analysis 
indexes in the lab and then calculating the coal seam gas content based on the Langmuir equation. 
However, this method takes more than 20 days[2]. Besides, the direct method is field sampling under mine 
and direct measuring the gas content. This method has complicated technique and takes more than 24 
hours [3]. Moreover, it requires high, quality equipment having some difficulty in calculating the loss 
quantity. The rapid measurement method is calculating gas content by adsorption law of coal bits under 
mine. This method has a relative error 50% or so and hasn’t been widely used. The above mentioned 
methods have already can’t meet the requirement of modern mine’s safety production, coal-bed gas 
exploitation, and gas control. And they hinder productivity’s development. Therefore, it is necessary to 
further study on the Rapid Measurement Technique of Gas Content in this background.
The rest of this paper is organized as follows. Section 2 conducts experimental study of gas content
and establishs the rapid measurement mathematical model . Section 3 follows to introduce the rapid 
measurement instrument of gas content. Application examples of the rapid measurement instrument of 
gas content are provided and gas contentmeasurement results are compared in Section 4. Then some 
conclusions are drawn in Section 5.
2 Rapid measurement modeling of gas content
Researches at home and abroad show that the characteristic curve of coal samples’ gas desorption 
accords with power exponential function. as shown in the following formula(1), where, Q is the measure
gas desorption amount during t period, a is the coefficient of gas content; i is the structure coefficient of 
coal[4].
iQ at=                      (1)
Experiments results and related theories showed that there was quasi-linear relationship between a 
and the gas content W, and i has obvious difference for different coal seams and coal categories. So we 
can measure the gas content rapidly as long as we get the gas desorption law of coal and establish the 
model of a, i and W.
2.1 Experimental study on the rapid measurement of gas content
1) Overview of experiments
With the purpose of establishing the model of a, i and W, we did the adsorption and desorption 
experiments after measured the adsorption constant of 39 typical coal samples from 35 coal mines in 
Huainan, Jincheng, Guizhou, Xinjiang, and Shandong. After 121 experiments with gas adsorption 
equilibrium pressure from 0.5MPa to 4.2MPa, granularity between 1mm and 3mm and coal sample 
quality 5g. And we finally got 64800 desorption data.
2) EXPERIMENTAL RESULTS
According to the Langmuir adsorption theory, we can calculate the gas content W of corresponding 
state with gas adsorption equilibrium pressure P and industrial analysis data. By using the nonlinear 
fitting calculation, we can get the a, i based on formula (1). The relationship between gas content W and 
a, i is shown in Figure 1 and Figure 2.
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Figure 1 3-D surface relationship between W and a, i
Figure 2 Relationship between W contour and a, i
From Figure 1 and Figure 2 we can find that there is high nonlinear surface relationship between W 
and a, i. So there must be a much bigger error between W and a i when we describe the relationship with 
a linear plane model. And this is the main reason why there is a big error with the rapid measurement 
technique of gas content at present.
2.2 Model of the Rapid Measurement Technique of Gas Content
1) Model
After theoretical analysis and graphic compared, we established the nonlinear surface model of the 
Rapid Measurement Technique of Gas Content, as shown in formula (2). Related parameters can be 
calculated by the software Matlab using nonlinear fitting with the data of 180 experiments.
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Here, W is the gas content with m3/t for the unit; q0 is the content modified parameter; δ is the coal 
sample density modified parameter; c0, c1, c2, c3, c4, c5 are all regression coefficient.
2) Models comparison
By using different domestic and overseas models of Rapid Measurement Technique of Gas Content
with the data of 121 experiments, we got different results and errors, as shown in Figure 3 and Figure 4.
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Figure 3 Models comparison of Rapid Measurement Technique of Gas Content
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Figure 4 Models’ error comparison of Rapid Measurement Technique of Gas Content
From Figure 3 and Figure 4, we can find that the gas content calculated by the nonlinear surface 
model matches well with the gas content W that measured by using the indirect method. The error can be 
less than 0.9 m3/t, much lower than that measured by linear model and the EL.KE desorption 
measurement instrument from Germany. So further study on EL.KE desorption measurement 
instrument’s should done for using in China.
3 Rapid Measurement Equipment of Gas Content
Based on the model of rapid measurement technique of gas content, we developed rapid 
measurement equipment of gas content, including the rapid measurement instrument of gas content and 
parameters modified instrument, shown by Figure 5 and Figure 6.
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Figure5 Rapid measurement instrument of gas content
Figure 6 Parameters modified instrument
Aiming at different coal, different parameters are recommended with the model, and the content 
modified parameter q0, the coal sample density modified parameter δ both can be modified by the 
parameters modified instrument within 24 hours. By using the rapid measurement instrument of gas 
content, gas content can be measured within 20 minutes. And the desorption gas content can be measured 
according to requirement.
4 Application of the Rapid Measurement Instrument of Gas Content
4.1 Technological Process
The technological process of Rapid Measurement Technique of Gas Content is shown in Figure 7. 
Aiming at the same coal, the error rate could be reduced from 10% to 5% with the parameters modified 
instrument.
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Figure 7 Technological process of the rapid measurement instrument of gas content
4.2 Application examples
Compared with the indirect method, we measured the gas content of different coal from Enhong 
mine in Yunnan and Dahebian mine in Shuicheng by using the rapid measurement instrument of gas 
content, and the results are shown in Table1 and Figure 8.
Table1 Gas content measurement results
Mine
Gas pressure
(MPa)
Indirect gas content
(m3/t)
Rapid measurement gas 
content (m3/t)
Absolute error
(m3/t)
Relative error
(%)
Enhong 
Mine
3.34 14.85 14.42 -0.43 -2.89
2.02 11.83 11.93 0.1 0.85
1.16 9.05 9.88 0.83 9.17
0.43 5.18 5.21 0.03 0.58
Dahebian 
Mine
0.53 3.3257 3.35 0.0242 0.73
0.55 3.4178 3.67 0.2522 7.33
0.94 4.9381 5.16 0.2219 4.46
1.03 5.2312 4.95 -0.2812 -5.38
3.2 8.190 7.53 -0.66 8.06
From Table1 we can find that with maximum relative error rate  9.17% and the corresponding
absolute error 0.83 m3/t, gas contents measured by the rapid measurement instrument of gas content have 
average relative error rate 2.29% and average absolute error 0.0871 m3/t. It’s obvious that the gas content 
measured by the rapid measurement instrument of gas content has enough accuracy to meet the need of 
engineering application.
5 Conclusion
Three conclusions are drawn after the above study. First, There is high nonlinear relationship 
between W and a, i. Second, The nonlinear surface model of the Rapid Measurement Technique of Gas 
Content could well describe the relationship between W and a, i. Third, By using the rapid measurement 
instrument of gas content, gas content can be determined within 20 minutes with a relative error less than 
10%. Absolutely, the rapid measurement instrument of gas content performances better than similar 
products at home and abroad, and can satisfy the need of engineering application.
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